Introduction
Persistent pleuropulmonary air leaks are extremely distressing to the thoracic surgeon. Their origin can be classified as primary spontaneous pneumothorax (without coexisting pulmonary disease) or secondary (associated with underlying pathology) [1] . The latter is very common and difficult to manage. There are several procedures for treating persistent air leak, the most suitable being chosen on a patient-by-patient basis. Different types of sclerosant used in pleurodesis [2] include talc [3] [4] [5] [6] , antibiotics and antineoplastics [7] [8] [9] and autologous blood [10, 11] . The surgical procedures include thoracoplasty, myoplasty, open pleural drainage, control by suturing or occlusion with biological agent [12] .
Autologous blood was originally used to avoid relapse of spontaneous primary pneumothorax [10] and its efficacy in treating persistent air leak was later verified [13] . Fibrin formed from the fibrinogen contained in blood does not provide firm fixing for the pleura, and is not indicated for treatment in pleural effusion, but seems to be adequate for aerial fistula occlusion.
The objective of this study is to show the results of treating persistent pleuropulmonary air leak with autologous blood and review literature on this specific method of treatment.
Patients and Methods
After approval from the São Paulo State University's research ethics committee, a review was started of medical records from patients treated with autologous blood, from 2001, when the procedure was introduced, to August 2008.
Studied Population. All cases of persistent air leak with five days or more duration, treated with autologous blood. Patients were excluded if they had been submitted to previous treatment with other sclerosant agents.
Collection and Application of Blood in the Pleural Cavity. Autologous blood was collected from the arm peripheral vein by 20 ml disposable syringe without heparin and with all the care necessary to maintain asepsis and anti-sepsis for the procedure. Blood volumes collected varied in aliquots of about 20 ml and according to free pleural cavity size, the blood was introduced until it was full, looking to not exceed 200 ml per session, even if it had not completely filled the cavity. While one operator collected the blood, another clamped the drain, disconnected and performed external anti-sepsis on the drain. Next, each syringe with collected blood was connected to the thoracic drain, this was then unclamped and the blood introduced into the pleural cavity. So that blood would not return down the drain and not clamp it due to the fistula, an inverted siphon was developed ( fig. 1 ) connected to the flask from water seal. Initially we left the siphon for 24 h, but we have reduced this time and currently we leave it for only 30 min, but sufficient for coagulation cascade to occur and liquid to be drained, then traditional drainage was resumed. If after 2-3 days air is still leaking, the procedure is repeated. Treatment is considered to have failed when there is no reduction in bubbling, and is successful when the air leak stops totally.
Patients remained in hospital until there was no more bubbling by the drain and its removal was possible. Complications such as fever, pain and infection were also evaluated. Inpatient and outpatient evolution follow-up was made by thorax X-ray.
Results
Twenty-seven persistent pleuropulmonary air leak patients were treated with pleurodesis using autologous blood from January 2001 until August 2008. Mean age was 35 years (range 2-74). Twenty-one patients (78%) were male and 6 (22%) female. The most common causes of persistent air leak were pulmonary resection in 10 and spontaneous pneumothorax in 9 patients. The right hemithorax was affected more often (20 patients), than the left (7 patients). Depending on disease from which the fistula originated, the number of drains were 1 (13 cases) or 2 (14 cases). Mean drainage time before blood pleurodesis was 10.6 days and mean aerial fistula closing time after the procedure was 1.5 days ( table 1 ) .
Infused blood volume varied from 24 to 200 ml per session (mean 92 ml). The process needed repeating in 7 patients. Three evolved to open pleural drainage due to failure of autologous blood treatment.
Of the 20 patients who underwent a single session, 18 were successful and 2 not. One of the 2 (P11) had been reoperated because the resection edge was compromised by neoplasia. After bronchoplasty to remove the upper right bronchial lobe stump, the patient presented persistent air leak, without having dehiscence confirmed by bronchoscopy. As the first session with autologous blood showed no improvement, open drainage was chosen. The other patient (P12) also showed no improvement, and as it was a pneumothorax secondary to emphysema disease, we preferred to perform thoracoscopy for blebs clipping and abrasive pleurodesis. In the 6 cases where 2 sessions were performed, 5 had partial resolution in the first and total resolution in the second session, and the 1 case which did not resolve had suffered decortication (P17) and probably had air leaks over the whole pleural surface. We decided to discharge this patient with an open drain. The only patient where we tried 4 sessions without success (P6) was aged, emphysematous and not in a condition to undergo surgery. Each session produced an excellent improvement in air leaks, but bubbling came back again. In the end we opted for talc instillation and open drain. One patient developed empyema after pleural cavity blood infusion, and 2 patients with air leak after empyema were submitted to autologous blood treatment. Another patient presented fever as a complication from the procedure.
The success rate for pleurodesis with autologous blood was 85%, being effective in 23 out of 27 patients treated ( table 1 ) .
Discussion
Persistent pleuropulmonary air leak is a serious, sometimes fatal, condition which can occur after pulmonary surgery or as a complication of a subjacent pulmonary disease [14] . Some of the techniques for treating persistent pleuropulmonary fistula are well established in thoracic surgery. These techniques include surgical closing of the fistula, open pleural drainage, thoracoplasty, myoplasty and pleurodesis using various sclerosant substances such as talc, tetracycline or bleomycin [15, 16] .
Andrés et al.
[13] treated 6 persistent air leak patients with autologous blood with 100% success 24 h after the procedure. However, Robinson [10] only managed 84% success with the same treatment in 25 pneumothorax relapse patients. In a total of 167 spontaneous pneumothorax patients, Cagirici et al. [1] treated 32 patients with autologous blood, with an 84% success rate. When compared to other patients submitted to simple thoracic drainage (135 patients), air leak loss was significantly less in those submitted to autologous blood (p ! 0.01). Blanco Blanco et al. [17] , following 17 patients for more than a year, had an immediate 71% success rate treating spontaneous pneumothorax with autologous blood.
Andreetti et al. [18] showed that treating persistent air leak patients for more than 6 days after lobectomy with 100 ml autologous blood was significantly better than treating them with 50 ml, and better than not treating them with blood. Our study did not aim to quantify blood volume used, but apparently the quantity used did not influence our results.
Droghetti et al. [19] treated 21 persistent air leak patients with autologous blood after pulmonary resection and obtained an 81% resolution rate in the first 24 h. The rest underwent a new pleurodesis 36 h after the first which was successful. Ando et al.
[20] also reported successfully closing persistent aerial fistulas with autologous blood even with incomplete lung expansion.
Shackcloth et al. [21] , in a prospective randomized controlled trial, treated prolonged air leak after lobectomy with intrapleural instillation of autologous blood. The control group continued to be treated by tube thoracostomy alone. They concluded that this technique is effective in sealing air leaks after lobectomy. It allows earlier chest drain removal and shortens hospital stay.
Martínez-Escobar et al. [22] studied patients with acute respiratory distress syndrome accompanied by persistent aerial pneumothorax fistula. They had 2 groups, 1 treated with autologous blood and the other with other treatments. They concluded that autologous blood reduced mechanical ventilation weaning time by quicker air leak resolution. Williams and Laing [23] reported a case of cystic fibrosis with secondary pneumothorax which was successfully treated by autologous blood pleurodesis. Chadwick et al. [24] also reported a case of bronchiolitis obliterans which evolved with pneumothorax and air leak, and was successfully treated with autologous blood. Lang-Lazdunski and Coonar [25] achieved 100% success rate in treating 11 pulmonary resection patients with persistent air leak for more than 7 days after surgery with autologous blood. Although these authors reported excluding patients with positive pleural liquid culture, we did not request this examination, and in our sample we successfully used autologous blood to close air leak in 2 pleural empyema patients.
Lang et al. [26] used autologous blood clot seal to prevent pneumothorax at CT-guided lung biopsy. They concluded that the use of autologous blood clot seal placed through the coaxial sheath is strongly recommended when performing biopsy of deep lesions because it significantly reduces the frequency of pneumothorax and the subsequent need for chest tube placement and hospitalization.
Pleurodesis with autologous blood has been successfully used in aerial fistulas but has not been applied in the hydrothorax as the weak fibrin net does not produce sufficient pleurodesis [27] and does not impede liquid exudation in the pleural space. We did not find any clinical trials comparing various sclerosant agents with autologous blood in hydrothorax, but Yilmaz et al. [28] taking advantage of the idea of pleurodesis in pleural infusions, compared talc, rifampicine, and autologous blood in hydrocele sclerosis, and concluded that autologous blood is a weak sclerosant agent.
From the experience gained in these cases, for adults, in each session we can introduce up to 200 ml of blood into the pleural cavity, or smaller aliquots if unable to introduce the whole amount. The procedure can be repeated 2 days later if bubbling still continues. We did not perform a second instillation in cases where there was no reduction in any blistering with the first instillation, but believe that we could have attempted to.
We concluded that treating persistent pleuropulmonary air leak with autologous blood is very effective, has no relevant side effects, and is very promising. However, further studies are required to quantify its real effectiveness.
